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Transient electromagnetic scattering from closed perfect electrically conducting 
(PEC) surfaces can be analyzed by solving the time-domain magnetic or electric 
field integral equation (TD-MFIE/TD-EFIE) using marching-on-in-time (MOT) 
techniques. The classical MOT discretization schemes use Rao-Wilton-Glisson 
(RWG) and polynomial basis functions to expand the current in space and time 
respectively; RWG and Dirac delta functions are then used to test the equations in 
space and time.  
The conditioning and solution-accuracy of the MOT matrices resulting from the 
application of this classical discretization scheme to the TD-EFIE at low 
frequencies have been studied extensively (F. P. Andriulli et al., IEEE Trans. 
Antennas and Propag., 57(7), 2034-2046, 2009). Under low-frequency excitation, 
i.e., as the time step size of the MOT scheme increases, MOT-TD-EFIE matrix 
system becomes ill-conditioned rendering its iterative solution inefficient or even 
impossible. Special loop-tree/star and hierarchical preconditioning techniques 
have been developed to alleviate this ill-conditioning problem.  
In this work, we rigorously show that the solution of the MOT-TD-MFIE matrix 
system constructed using RWG basis and testing functions loses its accuracy 
under the large time-step condition even though MOT-TD-MFIE matrix system 
does not suffer from ill-conditioning (unlike the MOT-TD-EFIE matrix system). 
This is in line with what has been observed in the discretization of the frequency-
domain MFIE using RWG basis and testing functions at low frequencies (Y. 
Zhang et al., IEEE Trans. Antennas and Propag., 51(8), 1864-1871, 2003). 
Recently, it has been shown that the mixed discretization of the frequency domain 
MFIE, which uses the RWG basis functions and the (curl conforming) Buffa-
Christiansen (BC) testing functions (K. Cools et al., IEEE Antennas Wireless 
Propag. Lett., 10, 528-531, 2011), eliminates the inaccuracy of the solution at the 
low frequencies by implicitly enforcing the correct frequency-scaling of the 
solution’s Helmholtz components (without the need for a loop-tree/star 
decomposition) (I. Bogaert et al., in Proc. of EuCAP, 2463-2465, 2011). Here, we 
mathematically prove that the mixed discretization technique is as effective in 
correcting the solution of the MOT-TD-MFIE matrix system under the large time-
step condition.  
 
